A large group of industrial wastes from water purification, treatment and softening has been considered. The reference is made to the fact that slurries are a unique man-made product technologically ready for use and constantly restocking. Slurries have been classified by conditions of the formation, composition, chemical and physical properties. The nanoscale structural parameters of the slurry particles (the size distribution and fractal dimension) have been determined by the neutron small-angle scattering method. The conducted researches allow slurries to be considered a nanotechnogenic raw material. The use of slurries as additives in the building material production process reduces the harmful influence of industrial wastes on the environment and creates a significant reserve of material and energy resources in the construction industry.
Introduction
Recycling of the industrial waste is an important environmental and economic problem [1] . Among a variety of industrial wastes a special mention should go to a large group of them, i.e. slurries resulting from the chemical treatment of the industrial waste water in machinebuilding, tool engineering, metal working, ferrous and non-ferrous metallurgy, oil production and refining [2] . The formation of the slurry occurs as a result of processes of chemical reactions, dispersion and adsorption, as well as mixing, setting and coagulation of solid particles from supersaturated solutions of the waste water at its cleaning or softening. Conditions for the formation of slurries are sol-gel-assisted. The slurry is a suspension which is characterized by the stable structure and composition.
Most slurry wastes find no practical application. To store them in the dumps is one of the sources of environmental pollution and disruption of the ecological balance [3] . The consequences of the slurry waste negative impact on nature and people can be eliminated by the creation of the developed system of the slurry recycling as one of the components in the production of materials for various purposes [4] . Slurries are a unique man-made product. The use of them as additives increases the strength, moisture resistance and durability of building materials with cement [2, 5] .
This paper summarizes the results of the classification of the slurry waste. The neutron small-angle scattering method (SANS) [6] was used to determine structural parameters of basic types of nanoscale slurries. This definitely makes it possible to consider slurry wastes to be nanotechnogenic raw materials. The qualitative improvement of properties of building materials with cement thanks to slurry additives is due to the fact that they affect the formation of structural parameters of the final product at the micro and nanoscale [7, 9] .
Materials and methods
The slurry wastes can be divided into groups according to the following main factors: the condition of the formation, the chemical and mineralogical composition, the action tendency when used as additives to building materials with cement.
The industrial discharged waters are very diverse. At the enterprises of mechanical engineering and energy the waste water formation is associated with washing operations, application of technological mixtures, emulsions and electrolytes. The slurry is the end product of the waste water which has gone through crystallization, settling and water removal. The slurries differ mainly in their chemical and mineralogical composition. We may distinguish mineral and organic-mineral slurries.
The basis of mineral slurries is oxides, carbonates and hydroxides of aluminum, magnesium, iron and silicon. They represent a heterogeneous system in which water is the dispersion medium and solid particles are the dispersed phase.
A distinctive feature of the organic-mineral sludge (oil slurries) is the presence of the residual oil, petrochemical products and emulsified particles of mineral oils in their composition. The composition of some mineral slurries is given in Table 1 . Despite the variation in the percentage of the individual components of the slurry, the high technological readiness for use and the slurry constant restocking enable to speak about their efficiency in the production of building materials.
In regards to the action tendency slurries can be attributed to filling (e.g. carbonate slurries) or structure-forming additives (e.g. aluminum-alkaline and aluminum-calcium slurries) [7] [8] [9] .
The hydration of the cement clinker is associated with the formation of the skeleton of the hydrated calcium silicate particles [10, 11] . The parameters characterizing the structure of the hydrated calcium silicate particles, the ratio of the free and bound water the presence of pores and their shape and size distribution, i.e. the structural parameters of the material at micro and nanoscale [7] [8] [9] , affect the properties of the resulting cement brick [12, 13] . It is possible to obtain certain specified properties of building materials with cement by using sludge as additives to be fillers or modifiers. It shows up most vividly if there is a nanodispersed component in additives introduced into the cement compositions.
To determine the material structural parameters within the limits from 1 nm to 100 nm, it is possible to use the neutron small-angle scattering method (SANS) [6] . This method is appropriate to investigate nanoparticles of different physical nature. It is also successfully used to study at the nanoscale a variety of nanodispersed materials and to determine structural parameters of nanomaterials, as well as bulk ones containing nanodispersed components, e.g. hydrated cement compositions [14] [15] [16] .
The SANS intensity I(q) depends on the scattering power of the compositional inhomogeneity of the matter and the contrast at the phase boundary. It is the function of the neutron pulse sent at scattering , 2 sin 4
where T is the angle of neutron scattering.
The SANS intensity I(q) carries information about the structure of scattering particles (scattering centres) over the atom. Provided that qR c < 1 (Guinier regime), the intensity of the small-angle scattering I(q) is determined by the average (characteristic) size and shape of scattering particles:
where R g is the particle radius of gyration. From the experimental data on small-angle scattering in the Gunier regime it is possible to assess the particle radius of gyration R g and their typical size R c .
If the condition qR c > 1 (Porod regime) for the intensity of the small-angle scattering I(q) on fractal objects has been fulfilled, there happens to be a power characteristic from the transmitted neutron pulse:
The deviation of the exponent n from the Porod asymptotic behavior (n = 4) indicates fractal properties of scattering objects and makes it possible to determine their fractal dimension. In the case of volumetric or mass fractals the exponent coincides with the fractal dimension n=D V and takes on the value from the interval 1 < D V < 3. In the case of scattering by objects with a fractal surface, the fractal dimension is D S = 6 -n it takes values from the interval 2 < D S < 3. The exponent is respectively in the interval 3 < n < 4. Thus, by the slope of log-log linear segments of the SANS dependencies it is possible to determine the scattering objects of a particular fractal type (volume or surface) and the fractal dimension [17] [18] [19] .
The wavelength O of slow neutrons in the neutron small-angle scattering method is in the interval which allows determining structural parameters of scattering particles in the nanometer interval and to clearly relate test materials to nanomaterials.
For polydisperse systems according to small-angle scattering we can recover the distribution function of the scattering objects in terms of sizes G(R) on the basis of the spectra of pair correlations J(R) obtained by the Fourier transformation of the data for cross sections of neutron scattering V(R). This function is related to the shape of the particles and describes quantitatively the set of segments connecting elements of the particle volume and depends on the distribution of inhomogeneities inside the particles. The size distribution function G(R) has the following form:
Results
The SANS intensity spectra from the sludge samples were measured using the diffractometer "Membrana-2" installed at the reactor WWR-M in the Petersburg Nuclear Physics Institute (Gatchina) [22] . rad. The detector consisted of forty-one 3 Не-counters. The intensity of the beam on the sample was measured by two counters (monitors) installed in front of the sample above and below the axis of the neutron beam.
The samples of the test sludge were placed in the target device that is a cavity in a cadmium plate. The volume of the cavity equaled 0,52 sm 3 . The sample layer thickness was equal to the thickness of the cadmium plate d S = 2 mm. Loose materials were placed in the cavity of the target device and covered with an aluminum foil of 6 mkm. The transmission coefficient of the neutron beam was T = 0,45 -0,85.
The SANS data resulting from the experiment were normalized in accordance with the monitor readings and the transmission intensity. We also conducted the subtraction of background and contribution of neutrons that had passed through the sample without scattering. The obtained distributions of scattering intensities I S (q) were normalized to those obtained under the similar conditions of the intensity distribution I ST (q) of the standard sample which was the light water layer d ST = 1 mm. Differential cross sections of the sample scattering based on the 1 sm 3 of the sample volume in absolute units were calculated according to the following formula
From differential cross sections of neutron scattering the distribution function of the scattering center (particles) sizes G(R) in the approximation of homogeneous spheres was recovered using the Fourier transform.
Analyzing the experimental data we selected the maximum radius of the scattering objects. When its value was 50 nm, the points corresponding to minimum neutron pulses transferred during the experiment collapsed (were not described theoretically).The points corresponding to maximum pulses transferred collapsed when the radius value was 100 nm. The description of the SANS experimental data was correct selecting the maximum size of scattering objects equal to about 80 nm. The average radius of scattering objects for test samples was in the range from 30 nm to 65 nm. According to experimental data of neutron scattering intensities the following calculations were performed: the average radii were found using formula (2); formula (3) was used for fractal dimensions; formula (4) for differential scattering cross sections and formula (5) for scattering object distribution functions by sizes.
For all sludge samples it was possible to observe the power dependence of the neutron scattering intensity from the transmitted neutron pulse. 
Discussion
The SANS method was used to determine at the nanoscale structural parameters of some basic types of slurries. The obtained results show that slurries are composed of the nanodispersed component and it is quite possible to refer them to nanotechnogenic raw materials. A slight change in the structural parameters of slurries at various stages of completion (wet or dry) demonstrates their stability.
Conclusions
Slurry waste resulting from the industrial enterprise sewage treatment are nanotechnogenic raw materials. The slurries affect the formation of structural parameters of building materials with cement at the micro and nanoscale acting as fillers or modifying additives, efficiently and purposefully improving their properties Furthermore, the use of the slurry waste for the production of building materials makes it possible to solve the important environmental and economic problem of the industrial waste utilization, to avoid environmental pollution and disruption of the ecological balance.
